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Methods: The study examined 100 urinary stones in 71 patients who presented with urinary symp-
toms and were suspected to have urinary stones. Patients were examined by gray scale and color
Doppler ultrasound as well as non-contrast spiral computed tomography (CT), with CT used as
the reference standard. The twinkle sign was identiﬁed as a color artifact associated with urinary
stones, presenting as rapidly changing colors seen posterior to a reﬂector.
Results: A total of 100 stones were detected in 71 patients by non-contrast spiral CT. Of the 100
stones, 62 (62%) caused a posterior acoustic shadow and 58 (58%) showed echogenicity on B-mode
ultrasound, while 68 (68%) caused the twinkle sign on color Doppler sonography.
Conclusion: Identiﬁcation of the twinkle sign on Doppler ultrasound can improve ultrasound
detection of urinary calculi.
 2014 Production and hosting by Elsevier B.V. on behalf of Egyptian Society of Radiology and Nuclear
Medicine. Open access under CC BY-NC-ND license.1. Introduction
Ultrasonography is an excellent imaging modality for detect-
ing urinary tract stones because it is readily available, inexpen-
sive and does not emit radiation (1). However, ultrasound
detection of urinary stones obscured by renal sinus fat, mesen-
teric fat and bowel gas is sometimes problematic (2).
Color Doppler ultrasound facilitates the detection of uri-
nary stones. Speciﬁcally, the presence of a ‘‘twinkling artifact’’
is suggestive of the presence of urinary stones (3). The twin-
kling artifact, also called the ‘‘color comet tail artifact’’, is a
color Doppler phenomenon that appears as a rapid change
of color immediately behind a stationary object. This sign is
diagnostically useful especially in urolithiasis (4). First
Table 2 Relationship between the twinkle sign and X-ray
ﬁndings.
Twinkle Plain X-ray Total
Radiolucent Radio-opaque
Negative 4 12.5% 28 87.5% 32 32%
Positive 20 29.4% 48 70.6% 68 68%
Total 24 76 100 100%
Chi-squared equals 2.548.
The P-value equals 0.0552.
The association between rows (groups) and columns (outcomes) is
considered to be not statistically signiﬁcant.
Table 3 Relationship between the twinkle sign and acoustic
shadow.
Twinkle Acoustic shadow Total
Negative Positive
Negative 22 68.8% 10 31.2% 32 32%
Positive 16 23.5% 52 76.5% 68 68%
Total 38 62 100 100%
Chi-squared equals 18.887.
The P-value is less than 0.0001.
The association between rows (groups) and columns (outcomes) is
considered to be extremely statistically signiﬁcant.
Table 4 Relationship between the twinkle sign and
echogenicity.
Twinkle Diﬀerent echogenicity Total
Negative Positive
Negative 16 50.0% 16 50.0% 32 32%
Positive 26 38.2% 42 61.8% 68 68%
Total 42 58 100 100%
Chi-squared equals 1.236.
The P-value equals 0.1331.
The association between rows (groups) and columns (outcomes) is
considered to be not statistically signiﬁcant.
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artifact presents as a rapidly changing mixture of red and blue
behind a reﬂecting object.
Two theories had been proposed to explain the twinkling
Doppler artifact. The ﬁrst was offered by Rahmouni et al.
(5), who suggested that this artifact is generated by a strongly
reﬂecting medium with a rough interface. They explained that
when an incidental ultrasound beam is reﬂected by a ﬂat inter-
face, the acoustic waves are reﬂected by the interface at the
same time, and so it results in production of short-wave sound
signals. When the incidental beam is reﬂected on a rough inter-
face, the acoustic wave is split into a complex beam pattern
caused by multiple reﬂections in the medium, resulting in pro-
longed pulse duration of the transmitted sound signal and this
result the Doppler units interpret this as movement and thus is
assigned different colors.
The second theory was offered by Kamaya et al. (6), who
proposed that a twinkling artifact is caused by a narrow band
of intrinsic sonographic machine noise, referred to as phase (or
clock) jitter,’’ which may be generated by slight random time
ﬂuctuations in the path lengths of transmitted and reﬂected
acoustic waves. Also it was proposed its occurrence at a reﬂec-
tor with a rough interface, these slight time ﬂuctuations are
ampliﬁed to produce aliasing.
The twinkle sign may be affected by several machine set-
tings, one of these sittings is the location of the focal zone as
when the focal zone is located below a rough reﬂecting surface,
the twinkling artifact becomes more obvious than when the fo-
cal zone is above it (16). Other settings include color write pri-
ority, gray scale gain, and pulse repetition frequency. The
twinkling artifact usually increases on increasing the color
write priority and decreases when the gray scale gain is in-
creased. With regard to the pulse repetition frequency, its de-
crease may produce stronger broadband signal (6).
The aim of this study is to determine whether the color
twinkle sign could be considered an additional diagnostic value
of urinary stones detection by color Doppler ultrasonography.
2. Materials and methods
The Research Ethics Committee approved the study and in-
formed consent was obtained from all patients. A total of 71
patients (44 males and 27 females) were enrolled in this study
between February 2012 and April 2013. The mean age was
41.6 years (range, 21–69 years). Patients had complained of uri-
nary symptoms and were referred for further investigation of
suspected urinary tract stones. All patients underwent kidneys,
ureters, and bladder (KUB) X-ray, ultrasonographic examina-
tion and non-contrast spiral computed tomography (CT) of the
abdomen and pelvis. Non-contrast spiral CT examination was
performed, starting from the upper poles of the kidneys down
to the base of the urinary bladder, using the followingTable 1 Location of the stones and their appearance on plain X-ra
Appearance in plain X-ray Site of stone detected by non contrast
Renal Upper ureter Mid
Lucent 6 8 0
Opaque 20 20 12
Total 26 28 12parameters: 5 mm collimation, 120 kV, 200 mAs and recon-
struction at 3 mm intervals. Patients were required to have a
full bladder for the examination by drinking about one liter
of water over 60 min before the scheduled exam. Image analysis
was performed at a workstation with reconstruction process-
ing. CT ﬁndings were not disclosed to investigators until the
ultrasonographic examination was completed.
Following CT, patients immediately underwent ultrasonog-
raphy of the abdomen and pelvis using a color Doppler scan-
ner (Voluson 730 Pro) from GE Healthcare (Milwaukee, WI)y.
CT Total
dle ureter Lower ureter Urinary bladder
6 4 24
10 14 76
16 18 100
Table 5 Relationship between posterior acoustic shadowing
and echogenicity.
Acoustic shadow Diﬀerent echogenicity Total
Negative Positive
Negative 25 65.7% 13 34.2% 38 38%
Positive 17 24.4% 45 72.5% 62 62%
Total 42 58 100 100%
Chi-squared equals 14.24.
The P-value is less than 0.001.
The association between rows (groups) and columns (outcomes) is
considered to be extremely statistically signiﬁcant.
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color Doppler ultrasonography exams were performed in all
patients. Abnormal objects in the kidneys, ureters or bladder
were identiﬁed on gray scale ultrasonography by a difference
in echogenicity between the object and surrounding structures,
as well as the presence of posterior acoustic shadowing. Color
Doppler ultrasonography was performed using a red and blue
color map to detect the twinkling artifact. For renal stones, the
pulse repetition frequency (PRF) was set just above the thresh-
old for color mapping of the renal vessels while the PRF was
set just above the threshold of the surrounding vessels of the
ureter and bladder for ureteric and urinary bladder stones.
The color box size was adjusted to cover the whole renal sinus
if renal stones were suspected, and it was also adjusted to visu-
alize each part of the ureter. Examination of the ureter began
at the ureteropelvic junction and the course of the ureter was
followed caudally from the ureteropelvic junction (UPJ) to
the proximal one-third of the ureter. The middle third of the
ureter was examined at the level where the ureter crosses the
iliac blood vessels. The distal one-third of the ureter and blad-
der was examined while the patient had a full bladder. The
bladder was examined starting from the dome to its base in
a transverse plane and from side to side in a longitudinal plane.
At each level, gray scale evaluation was followed by color
Doppler examination for the twinkling sign.Fig. 1 Color Doppler twinkling seen at the lower calyx of the kidney
be distinguished from the renal sinus fat on B-mode (on the right side3. Results
A total of 71 patients were examined in the present study
including 44 (62%) males and 27 (38%) females. Each patient
had at least one stone in the kidney, ureter or bladder. The
mean age was 41.6 years and the age range was 21–69 years.
The length of detected stones ranged from 5 to 20 mm in their
long axes in reconstructed CT images. The density of the
stones ranged from 110 Hounsﬁeld units (HU) to 957 HU,
with a mean density of 493.32 HU.
One hundred stones were detected by non-contrast spiral
CT, in which 26 (26%) were in the kidneys, 28 (28%) were
in the upper ureter, 12 (12%) were in the middle ureter, 16
(16%) were in the lower ureter, and 18 (18%) were in the blad-
der. Twenty-four stones (24%) were radiolucent on plain X-
ray while the remaining 76 stones (76%) were radio-opaque
(Table 1). Of the 24 radiolucent stones detected by non-con-
trast CT, 20 stones had a positive twinkle sign on color Dopp-
ler examination while the remaining 4 stones showed no such
sign. Of the 76 radio-opaque stones detected by plain X-ray,
48 had a positive twinkle sign while the remaining 28 had no
such sign (P= 0.0552) (Table 2).
Thirty-eight stones detected by non-contrast CT showed no
posterior acoustic shadow on gray scale ultrasonographic
examination. Of these 38 stones, 16 had a positive twinkle sign
on color Doppler examination while the remaining 22 had no
such sign. Sixty-two stones showed a posterior acoustic sha-
dow on gray scale ultrasonography. Of these 62 stones, 52
had a positive twinkle sign while the remaining 10 had no such
sign (P< 0.0001) (Table 3).
Of the 42 stones detected by non-contrast CT that showed no
difference in echogenicity compared with surrounding struc-
tures on gray scale ultrasonographic examination, 26 stones
had a positive twinkle sign on color Doppler examination while
the other 16 stones had no such sign. Of the 58 stones that
showed a difference in echogenicity compared with surrounding
structures, 42 stones had a positive twinkle sign while the other
16 stones showed no such sign (P> 0.05) (Table 4).(on the left side of the image) corresponds to a stone that could not
of the image).
Fig. 2 A mildly dilated renal collecting system with a twinkling sign present at the lower calyx (on the right side of the image), which
corresponds to a stone that could not be distinguished from the renal sinus fat on B-mode (on the left side of the image).
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enicity compared with surrounding structures had a posterior
acoustic shadow while the remaining 13 echogenic stones had
no posterior acoustic shadow (P< 0.001) (Table 5) (Figs. 1–6).
4. Discussion
In a study by Turrin et al. (7), the twinkle sign on color Dopp-
ler was more frequently seen in patients with stone disease than
those without stone disease (95.5% vs. 9.0%, P< 0.001).
Shabana et al. (8) stated that the twinkling artifact is a useful
method for detecting renal calculi.
The annual cost associated with investigation of urinary
stones is estimated to be around ﬁve billion dollars in the Uni-Fig. 3 The moderately dilated, upper third of the ureter contained an
right side of the image) and intense twinkling on color Doppler studyted States (9). The prevalence of stone disease differs by age,
sex, ethnicity and geographic location (10). In the present
study, stones were more prevalent in males than females, which
may be due to warm, humid climate in Egypt and the physio-
logical differences between the sexes.
Non-contrast spiral CT is the gold standard for detecting
urinary stones (11). As expected, CT was conﬁrmed to be a
highly sensitive and accurate method for the detection of uri-
nary stones in the present study. Compared with non-contrast
spiral CT, the detection sensitivity of gray scale ultrasonogra-
phy is relatively low (12).
Plain X-ray of the urinary tract remains an effective and
widely used method for identifying stones in the urinary tract
because of its accessibility and low cost. However, the image isechogenic stone that had a mild posterior acoustic shadow (on the
(on the left half of the image).
Fig. 4 An echogenic linear structure was seen along the course of the middle ureter that was indistinguishable from the surrounding
bowel gas (right side of the image). The structure showed twinkling (left side of the image) and was identiﬁed as a stone by non-contrast
computed tomography (CT).
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aration of the patient prior to the exam. Non-contrast spiral
CT is highly accurate for the diagnosis of both radiopaque
and radiolucent stones, but its use is limited by its cost and
the relatively high radiation dose to patients, particularly preg-
nant women (13).
The diagnosis of urinary stones using gray scale ultrasonog-
raphy depends on echogenicity of the stone and its ability to
produce a posterior acoustic shadow (14,15). Of the 100 stones
detected by CT in the present study, only 45 (45%) showed
echogenicity and a posterior acoustic shadow. The detection
rate of urinary stones based on stone echogenicity and pres-
ence of posterior acoustic shadow was 58% and 62%, respec-Fig. 5 A small echogenic linear structure with no posterior acoustic s
of the ureter (left side of the image). Weak twinkling was seen on color
stone by non-contrast CT.tively, which increased to 68% when the presence of the
twinkling sign was assessed by color Doppler.
Lee (16) demonstrated that 83% of urinary stones showed
the twinkling sign on color Doppler examination. Tchelepi
and Ralls (17) stated that visualization of the color comet tail
artifact could improve diagnostic conﬁdence in a wide spec-
trum of clinical conditions encountered in sonographic prac-
tice. Mitterberger et al. (2) found that 56% of urinary stones
showed echogenicity on gray scale ultrasonography, 67%
showed posterior acoustic shadowing (7% and 60% showed
light and dark shadowing, respectively), and 97% (75 of 77 uri-
nary stones) showed the twinkling sign. By contrast, Dillman
et al. (18) stated that the overall sensitivity of twinkling artifacthadow was seen within the lumen of the mildly dilated, lower third
Doppler (right side of the image) and the object was identiﬁed as a
Fig. 6 An echogenic lower calyceal stone casting an intense posterior acoustic shadow (left side of the image) on ultrasound
examination. However, it showed no twinkling on color Doppler study (right side of the image).
574 S.K. Ahmad, M.M. Abdallahfor the detection of speciﬁc individual renal calculi observed in
CT was 55%, and that this ﬁnding is relatively insensitive in
routine practice and has a high false-positive rate.
5. Conclusion
The color Doppler twinkling sign can aid the gray scale ultra-
sound detection of a urinary calculus, especially if the stone is
undistinguishable from the surrounding structures or lacks a
posterior acoustic shadow. The twinkling sign is suggestive
of urinary stones.
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